A discrete method is proposed for analysing the natural vibration problem of shear deformable rectangular plates with a line hinge. The fundamental differential equations and the solutions of these equations are derived for two parts of the plate, which are obtained by dividing the plate along the line hinge. By transforming these equations into integral equations, and using numerical integration and the continuous conditions along the line hinge, the solutions of the whole plate can be expressed by the unknown quantities on the boundary and the quantities of the rotation along the hinge. Green function which is the solution of deflection of the bending problem of plate is used to obtain the characteristic equation of the free vibration. The effects of the position of the line hinge, the aspect ratio, the thickness-to-length ratio and the boundary condition on the natural frequency parameters are considered. By comparing the numerical results obtained by the present method with those previously published, the efficiency and accuracy of the present method are investigated.
1.Introduction
Plates are important structural components in a variety of applications. The vibration problems have been studied for the plates with complicated cases, such as, rectangular plates with symmetrical point supports1), asymmetrical point supports 2), arbitrary point supports 3),4), line supports 5),6),7),8). But for the plates with a line hinge which can be used as boarding platform, folded gates and chairs, the vibration study is rather limited. Wang, Xiang and Wang 9) studied the vibration of plates with an internal line hinge by using the Ritz method. The Kirchhoff plate theory was used, so the numerical results were given only for thin plates in which shear stresses were ignored. Basing the first order shear deformation plate theory, Xiang and Reddy 10) first provided the exact solutions of natural vibration of rectangular plates with a line hinge by using the Levy type solution combined with the state-space technique.
Because the Levy type solution is used, the exact solutions are only suitable for the plates with two parallel simply supported edges. As so far, no solution for the shear deformable rectangular plates with arbitrary boundary conditions can be found by authors.
In this paper, a discrete method 11) is used for an- fects of the position of the hinge, the aspect ratio, the thickness-to-length ratio and the boundary conditions on the frequency parameters are discussed. for the first part (3a)
FUNDAMENTAL DIFFEREN-TIAL EQUATIONS
for the second part (3b)
By retaining the quantities at main point (i,j) on the left hand side of the equation, putting other quantities on the right hand side and using the matrix transition, the solution Xpij of the above Eqs. (3a) (3b) are obtained as follows:
for the first part (4a) 
CHARACTERISTIC EQUATION
By applying the Green function w(x0,Y0,x,y)/P which is the displacement at a point(x0,Y0) of a plate with a concentrated load P at a point (x, y), the displacement amplitude w(x0,y0) at a point (x0,y0) of the rectangular plate with a line hinge during the free vibration is given as follows: (6) where p is the mass density of the plate material and w is the circular frequency. Table 2 Natural frequency parameter A for SSSS rectangular plates with a line hinge(h/a= 0.01)
NUMERICAL RESULTS
To investigate the validity of the proposed method, the frequency parameters are given for rectangular plates with a line hinge at x=he (shown in Fig.1) . In all tables and figures, the symbols F, S, and C denote free, simply supported and clamped boundary conditions. Four symbols such as CSFS delegate the boundary conditions of the plate, the first indicating the conditions at x=0, the second at y=0, the third at x=a and the fourth at y=b. All the convergent values of the frequency parameters are obtained for the plates by using Richardson's extrapolation formula 12) for two cases of divisional numbers m (=n). v=0. 3 is used. Some of the results are compared with those reported previously. In order to examine the convergency, the efficiency and accuracy of the present method for analyzing the free vibration problem with a line hinge, firstly, numerical calculation is carried out by varying the number of divisions m and n for a SSSS square plate (b/a=1.0) with a line hinge at x=a/2 and the thickness-to-length ratio h/a=0.01.
The lowest 6 natural frequency parameters of the plate are shown in Table 1 . It can be found the numerical results converge monotonously from above with increase of the divisional number. Ex.* and Ex.** are the convergent values by using Richardson's extrapolation formula for two cases of divisional numbers m=n=12,14 and m=n=14,16, respectively. They are almost same. So it is suitable to obtain the convergent results of frequency parameter by using Richardson's extrapolation formula for two cases of divisional numbers m (=n) of 12 and 14. By repeating the above procedure, Tables 4 and 5 show the numerical values for the fundamental frequency parameter A of SSSS and CSCS with a line hinge and the thickness-to-length ratio h/a=1/5, 1/7, 1/10, 1/12, 1/15, 1/60, 1/100. Five cases of the position of the line hinge with hc/a= 0.1, 0.2, 0.3, 0.4, 0.5 are considered. The results obtained by Xiang and Reddy 10) are also shown. From these tables, it can be noted for the five cases, the fundamental frequency parameter A increases 5.2%, length ratio h/a=0.2 and aspect ratio b/a=0.5,1 are considered. The cases of hc= 1/3, 1/2, 2/3 are chosen for CSFS plates and the cases of hc/a= 1/4, 1/3, 1/2 are chosen for the other plates. For the definite ratios h/a, b/a and hc/a, the frequency parameter for the CCCC plate is highest. For the definite boundary condition and ratios h/a and hc/a, the frequency parameter of the plate with b/a=0.5 is higher that of plate with b/a=1.0. The effect of the position of the line hinge on the frequency parameter is different for the plate with various boundary conditions.
CONCLUSIONS
A discrete method is used for analyzing the free vibration problem of shear deformable rectangular plate with a line hinge. The plate is separated into two parts along the line hinge and the continuous conditions along the hinge are used to obtain the solution of the whole plate. Green function which is the solution of deflection of the bending problem of plate is used to obtain the characteristic equation of the free vibration. The effects of the position of the line hinge, the aspect ratio, the thickness-to-length ratio and the boundary condition on the natural frequency parameters of rectangular plates are considered. By comparing the numerical results obtained by the present method with those previously published, the efficiency and accuracy of the present method are investigated.
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